Objective: Overestimating patients' medication adherence diminishes the ability of psychiatric care providers to prescribe the most effective treatment and to identify the root causes of treatment resistance in schizophrenia. This study was conducted to determine how credible patient drug adherence information (PDAI) might change prescribers' treatment decisions. Methods: In an online survey containing 8 clinical case vignettes describing patients with schizophrenia, health care practitioners who prescribe antipsychotics to patients with schizophrenia were instructed to choose a preferred treatment recommendation from a set of predefined pharmacologic and non-pharmacologic options. The prescribers were randomly assigned to an experimental or a control group, with only the experimental group receiving PDAI. The primary outcome was the prescribers' treatment choice for each case. Between-group differences were analyzed using multinomial logistic regression. Results: A convenience sample (n=219) of prescribers completed the survey. For 3 nonadherent patient vignettes, respondents in the experimental group were more likely to choose a longacting injectable antipsychotic compared with those in the control group (77.7% experimental vs 25.8% control; P,0.001). For 2 adherent but poorly controlled patient vignettes, prescribers who received PDAI were more likely to increase the antipsychotic dose compared with the control group (49.1% vs 39.1%; P,0.001). For the adherent and well-controlled patient vignette, respondents in both groups made similar treatment recommendations across all choices (P=0.099), but respondents in the experimental arm were more likely to recommend monitoring clinical stability (87.2% experimental vs 75.5% control, reference group).
Introduction
Adherence to an antipsychotic medication regimen helps to prevent relapse and hospitalization in patients with schizophrenia. [1] [2] [3] By contrast, poor adherence impedes recovery, 4, 5 negatively affects the functioning and quality of life of patients, 3, 6 and is associated with higher health care costs. 1, 7 Despite its importance in the management of ongoing psychiatric care, monitoring patient compliance with medication remains a challenge because the reliability and validity of most of the measures of medication adherence are questionable. A source of real-time, credible (ie, accurate Available methods of assessing patient-level adherence can be divided into subjective and objective measures. Subjective measures include patient self-reports or interviewer ratings, which have questionable reliability. 9, 10 Clinicians and care staff often overestimate adherence using such measures. 11 Pharmacy records, electronic monitoring systems, such as the MEMSCap™ Medication Event Monitoring System (WestRock Healthcare, Norcross, GA, USA), and monitoring for serum levels of antipsychotic drugs do not directly record medication ingestion in real time. 8 Alternatively, newer technologies, such as video-observed therapy 12 and a digital medicine system using medication embedded with an ingestible sensor, 13, 14 allow for direct observation and recording of an ingestion event, respectively, thereby providing credible estimates of adherence. Such information has the potential to lead to better-informed clinical decisions. However, there is limited evidence on whether prescribers would make use of or attend to such information if it were available.
The objective of this study was to determine how access to credible patient drug adherence information (PDAI) might influence psychiatric practitioners' prescribing and practice patterns. There has been considerable research on the issue of adherence in patients with schizophrenia, and specifically on the real-world challenges that providers encounter while attempting to gauge whether patients are adherent to their medication. 15 Other studies have used survey vignettes to examine how patient and provider characteristics impact antipsychotic treatment strategies. 16, 17 Nevertheless, to our knowledge, this study is the first to use a 2-arm randomized controlled online survey design to test whether better information about adherence leads to more appropriate treatment decision-making among providers treating patients with serious mental illnesses.
Methods

study design
A convenience sample of health care practitioners who treat schizophrenia with antipsychotics, assigned to experimental or control groups using simple randomization, participated in this cross-sectional survey. The survey contained clinical case vignettes that described patients with schizophrenia being treated with antipsychotic medication. The 2 groups received identical vignettes with one exception: the experimental group's vignettes included credible PDAI, whereas the control group's vignettes did not. As a test of similarity across the experimental and control respondents, both groups also received 2 vignettes that were completely identical in all respects. Following each vignette, respondents were asked what, if any, changes they would make to the current treatment regimen by selecting from lists of both pharmacologic and non-pharmacologic treatment options. Information on respondents' demographics, training, clinical practice setting, and approaches to treatment was also collected. The Chesapeake Institutional Review Board reviewed the study procedures and exempted the study from full review because of low/no risk to the study participants.
study participants
A convenience sample of psychiatric prescribers, including psychiatrists, nurse practitioners, and physician assistants, currently treating patients with schizophrenia was invited by telephone, email, mail, and/or fax to participate in the study. We elected to include both psychiatrists and nonpsychiatrist prescribers as the latter account for a meaningful fraction of atypical antipsychotic prescriptions. 18 Eligible participants included prescribers who had graduated from an accredited medical school, prescribed antipsychotics, and treated $1 patient with schizophrenia per month. The study included doctors of medicine, doctors of osteopathic medicine, physician assistants, and nurse practitioners. Those who did not meet the eligibility criteria or refused to complete the eligibility screener were excluded, whereas all respondents who successfully completed the survey, including pilot test participants, were compensated for their time and effort. Participants were blinded to the sponsor of the study.
The study was powered such that a target sample size of n=200 participants assigned to 2 equal groups would be sufficient to detect a difference of 16.5% in the proportion of participants opting for adherence-focused treatment in the presence of adherence information at 0.05 alpha level and with a power of 0.80.
survey
The survey incorporated 8 clinical case vignettes, which were brief, carefully written descriptions of patients with schizophrenia in situations that simulate real-world clinical scenarios. The vignettes were drawn originally from case vignettes in peer-reviewed journals, but then modified using input from a clinical expert (Lindenmayer) to simplify each vignette and modify it for the purposes of this study. Key patient characteristics (age, sex, disease severity, and adherence) varied across the 8 vignettes (Table S1) 
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Adherence information and prescribing practices in schizophrenia represented specific patient behaviors and characteristics, including self-reported medication adherence, substance use, and the presence of medication side effects, as well as both self-reported and observed symptom severity. Based on specified combinations of these patient characteristics and behaviors, each vignette was assigned to one of the following types: (1) nonadherent patients; (2) adherent, poorly controlled patients; and (3) adherent, well-controlled patients. All vignettes represented patients using oral antipsychotic medication at the time of presentation. A sample vignette is provided in Figure 1 , and the full text of all vignettes is provided in Table S2 .
In addition to the vignettes, the survey included questions of provider and practice characteristics including years of practice, current number of schizophrenic patients under their care, the number currently on antipsychotic medication, and the methods used to assess patient compliance with medication. The survey was programmed to be accessible online and adaptable to both desktop and mobile devices using Qualtrics survey software (Qualtrics, Provo, UT, USA).
survey administration
Study participants received an e-mail with a link to the online survey site with credentials. After completing an informed consent form, participants were provided with a set of instructions, and then asked a series of questions to determine whether they met the study inclusion criteria. Those who met the inclusion criteria were presented with 8 clinical vignettes. As previously mentioned, the vignettes presented to the experimental group included credible PDAI (eg, information from MEMSCap, blood levels), whereas the control group received the same vignettes with no credible PDAI. To test for differences in treatment patterns between the control and experimental groups not associated with the experimental condition, In response to each vignette, participants were asked to select their preferred pharmacologic (increase dose, switch to another oral antipsychotic medication, switch to a long-acting injectable [LAI] medication, augment therapy using another antipsychotic, augment therapy with a non-antipsychotic medication to treat symptoms, or monitor clinical stability) and non-pharmacologic treatment recommendations (supportive employment, psychoeducation, support group, adherence-related motivational interviewing, intensive case management, referral to patient's primary care physician, or ruling out substance abuse).
Following the 8 survey vignette questions, additional information on the respondent's demographics, patient population, and treatment practices was requested. Finally, the survey presented a statement of appreciation for participating in the study and requested each respondent's mailing address in order to mail the remuneration for completing the survey.
Analysis
The primary end point for this study was the prescribers' selection of treatment modification based on the list of pharmaceutical options. All variables of interest were categorical, with frequency distributions and percentages calculated for the total sample as well as by type of cases mentioned above. A Wald chi-squared (χ 2 ) test of homogeneity was performed on frequencies of provider and practice characteristics to assess if any of the variables were significantly different between the experimental and control groups. The χ 2 test was also used to determine between-group differences in proportions of respondents who selected each of the treatment choices. Pairwise comparisons by treatment choice across groups were performed using multinomial logistic regression, with false discovery rate adjustment applied to the resulting P-values. The responses of "monitoring clinical stability" and "intensive case management" served as the reference groups for responses to pharmacologic and non-pharmacologic treatment, respectively.
Results
survey respondents
Of the 240 prescribers who responded to the survey invitation, 224 (93.3%) were randomized and 219 of them (97.8%) completed the survey ( Figure 2 ). Among the respondents, 127 (58.0%) were female, 133 (60.7%) were white, and most (62.1%) had practiced medicine for .5 years. Provider demographic and practice characteristics were well balanced across groups ( Table 1 ). The majority of respondents indicated that they assess patients' adherence in their practice by asking an informant such as a relative or a caregiver (n=205; 93.6%), explicitly asking the patient (n=203; 92.7%), or by assessing patient symptomatology (n=175; 79.9%).
clinical case vignettes Pharmacologic responses Validation cases
To identify any between-group differences in providers' treatment preferences not associated with the experimental 
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Adherence information and prescribing practices in schizophrenia condition, participants in both the experimental and control groups received 2 identical validation case vignettes. In the first validation case, both groups did not receive any adherence information, whereas, in the second validation case, both groups received credible PDAI. A Wald χ 2 test revealed no statistically significant differences in treatment choices between the 2 groups (P=0.553 in the vignette where the patient was nonadherent, whereas P=0.071 in the vignette where the patient was adherent).
nonadherent cases
Three vignettes presented nonadherent patients, 2 with a severe disease and 1 with a mild disease. A statistically significant increase in the preference for using LAIs by prescribers with access to credible PDAI (77.7% vs 25.8% control; P,0.001) was observed for these patients ( Figure 3A ). This finding was large in magnitude and was consistent across patients with either mild (case 7, 62.4% vs 9.1% [P,0.001]) or severe disease (case 4, 82.6% vs 5.5% [P,0.001]; case 6, 88.1% vs 62.7% [P,0.001]).
Adherent, poorly controlled cases Two vignettes described adherent but poorly controlled patients. For an adherent patient who had recently been experiencing paranoid delusions, a Wald χ 2 test indicated that overall differences in treatment patterns were not Across the 2 cases, providers with access to credible PDAI were more likely to increase the dose (49.1% vs 39.1% control; P,0.001) and switch medications (24.8% vs 20.9% control; P,0.001), but were less likely to switch to an LAI (2.8% vs16.4% for control; P=0.061). Figure 3B summarizes the prescribers' treatment approaches in response to these 2 vignettes.
Adherent, well-controlled case
The survey included 1 vignette representing an adherent, wellcontrolled patient. Prescribers in both experimental and control groups were most likely to recommend monitoring clinical stability (87.2% experimental vs 75.5% control; P= NS). A χ 2 test indicated that the differences across all choices by group were not statistically significant (P=0.099; Figure 3C ).
non-pharmacologic interventions
The groups did not differ on choice of non-pharmacologic intervention recommendations for the 2 
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Adherence information and prescribing practices in schizophrenia without adherence information in only 1 of the 2 cases (case 3, P=0.643; case 5, P,0.001). For the adherent and well-controlled patient, all respondents were more likely to recommend supportive employment or a volunteer job, although these results were stronger for providers with credible PDAI (48.6% experimental vs 31.8% control; P,0.001). More respondents without credible PDAI preferred intensive case management for this patient (15.5% vs 3.7% in the experimental group; reference group).
Discussion
This study used a randomized clinical vignettes survey design to illustrate the effect of credible PDAI on prescribers' recommendations for modifying the current antipsychotic medication treatment regimen of patients with schizophrenia. The results underscore the value of credible and objective medication adherence information in making informed clinical decisions for managing patients with schizophrenia.
For nonadherent patients, prescribers' access to credible PDAI significantly increased the likelihood of recommending adherence-remediation interventions such as the prescription of LAI medications and adherence-related motivational interviewing. The study also showed that for nonadherent patients, the providers without access to credible PDAI were inclined to select treatment options that would be unlikely to maximize health benefits, such as increasing the dose or augmentation with a second antipsychotic. For adherent, poorly controlled patients who were not presenting with active psychosis or hospitalized for psychotic behavior, respondents with access to credible PDAI were less likely to prescribe an LAI and more likely to change the dose. Thus, access to credible PDAI may decrease unwarranted prescribing decisions. LAIs are generally recommended for patients with suspected nonadherence because they simplify dosing regimens and have the potential to improve adherence. 19 Psychoeducation and motivational interviewing are the non-pharmacologic interventions frequently recommended to promote adherence. 1 By contrast, for adherent patients experiencing significant psychoses (ie, hospitalized), the treatment recommendations differed significantly between groups, that is, those with PDAI were less likely to prescribe, perhaps unnecessary, LAI formulations of antipsychotics. This finding likely reflects the persistent challenges in managing treatment-refractory disease, where adherence information might be more critical for more severe symptom expression compared to poorly controlled but not actively psychotic patients. In both cases, the availability of PDAI has the potential to contribute to decisions to modify treatment plans, if for no other reason, to differentiate between persistent and intractable disease and noncompliance with medication. The most frequent treatment choice for poorly controlled patients in both experimental and control groups was increasing the medication dose, indicating that a large number of respondents in the control group assumed the patients to be adherent. Previous studies have recommended therapeutic monitoring by examining plasma levels of antipsychotics in the case of poor response before making treatment changes, 20, 21 although this method has limitations such as interindividual variability and unavailability of routine plasma assay. 8, 22 In the real-world, subjective assessments of adherence have been the most commonly used measures to estimate adherence, although validity of these methods is questionable. 23 For example, physician-reported estimates of patient adherence to oral antipsychotics had a false-positive rate of 94%, 11 suggesting a clear discordance between physician perceptions and actual adherence and highlighting the need for credible adherence estimates. Furthermore, a frequently endorsed method used to assess medication adherence is assessment of patient symptoms, which is confounded by medication effectiveness. Perceptions of adherence and subsequent prescribing behavior are also shaped by characteristics and actions of both patient (eg, compliance, socioeconomic status) and provider (gender, age, practice setting). 24 Objective measures of adherence, such as pharmacy claims or electronic monitoring, are considered to be more credible 25 than patient self-reports or provider estimations. It should be noted that, although objective, these are proxy methods of measuring adherence. 8 The MEMSCap, for instance, registers opening of the bottle cap, but not medication ingestion.
A digital medicine system that is being developed for patients with serious mental illness uses medication with an embedded sensor that detects an ingestion event. 13, 14 The usability of this system has been demonstrated in patients with schizophrenia. 26 Availability of credible PDAI via this system may provide an opportunity for early and targeted intervention. Until credible PDAI becomes widely available, strategies that focus on prescriber investigation of adherence at the point of care -through dialogue and collaboration with patients and their caregivers -are needed in order to identify the most appropriate therapy. Our findings underscore the importance of having available a long-acting therapy option that can help to mitigate challenges in ascertaining true adherence to treatment in the absence of more reliable methods in the clinical setting. Relapse is one of the most frequently cited drivers of costs associated with schizophrenia. 27 Because nonadherence is a critical factor that leads to higher rates of relapse, credible approaches to monitoring adherence may decrease medical costs. A separate analysis of results from this survey found that access to credible PDAI would lead to a decrease in annual medical cost of $3560 for nonadherent patients with schizophrenia. 28 Thus, access to accurate adherence information has important economic implication in addition to clinical benefits.
This study has several strengths. It is the first study to incorporate clinical case vignettes to quantify preferences of psychiatric health care providers for treating patients with schizophrenia based on the availability of adherence information. The eligibility criteria ensured that the recruited providers had the appropriate backgrounds to participate in the survey, currently practiced medicine, prescribed antipsychotics, and treated patients with schizophrenia. Random assignment of providers to either the experimental or control group removed or reduced potential bias.
limitations
The vignettes were limited to 8 clinical cases and represent only a fraction of the heterogeneous population of patients with schizophrenia seen in clinical practice. Furthermore, the decision process for a hypothetical case might not entirely reflect real-world treatment decisions. Providers were asked to make treatment decisions without considering restrictions imposed by insurance plans, limited resources, and other prescribing constraints such as formulary restrictions or requirements for prior authorization. Additionally, providers were asked to make decisions in the absence of additional clinical information that could be obtained during patientphysician dialogue in usual clinical practice. Therefore, providers' responses captured in the survey may be more synthetic than would be expected upon initial review of the vignettes. Finally, the study utilized a convenience sample; therefore, it was not designed to generate nationally representative conclusions. Potential study participants were identified from commercially available list of psychiatric prescribers of antipsychotic medication for schizophrenia that provided only contact information. As a convenience sample, we make no claim of the generalizability of study results. However, because we randomly assigned participants into 2 groups that were not statistically different across the characteristics measured in this study, we infer that the differences on treatment choice between groups are the result of credible compliance information presented within the experimental group's vignettes.
Conclusion
In this study, provider access to credible PDAI led to significantly increased use of adherence-remediating interventions for nonadherent patients with schizophrenia and decreased use of adherence-targeted interventions for adherent patients. Access to adherence information is particularly important for treating real-world patients in typical clinical settings where blood-level assessments of antipsychotic treatments are rarely available and where LAI preparations are underused. Access to credible PDAI has the potential to improve outcomes and reduce health care costs associated with schizophrenia, and will also help clinicians evaluate potential side effects more accurately if they know whether the relationship with medication is plausible or not. Toby is a 28-year-old male with a 5-year history of schizophrenia. Toby began to have social withdrawal and isolation around age 20 when he dropped out of sports, went from being an excellent student to barely passing his classes, and began spending much of his free time alone watching YouTube videos. he was using alcohol, marijuana, and methamphetamines. he had progressively paranoid delusions to the point where his mother had him admitted to an inpatient psychiatric hospital at age 23. Toby's first psychiatric admission lasted 4 days. He was diagnosed with paranoid schizophrenia and enrolled into an investigational study that prescribed risperidone (risperdal) (4 mg/d). While he was taking risperidone, his hallucinations decreased somewhat but did not disappear. he had a good relationship with his treating outpatient physicians, who noted mild, persistent negative symptoms. Toby was readmitted to a psychiatric hospital for an episode of acute paranoid schizophrenia. he has been out of the hospital for one week and reports that he has not used drugs or alcohol since his hospitalization. Jean 7 Jean is a 43-year-old female who has been taking clozapine (clozaril) (300 mg/d) for 6 months. Jean was diagnosed with schizophrenia 15 years ago, but she's never agreed with the diagnosis. she prefers to think of herself as someone who can hear voices and that this is a gift. The voices are only a problem when they become abusive and tell her what an 'evil, spiteful witch' she is. Prior to starting clozapine, she had tried 'loads of different pills' (including: olanzapine, quetiapine, and lurasidone), none of which had been effective at making the 'voices nice again'. Jean does not know whether she wants to stick with the clozapine. she wonders if she might just be better off without it. Based on data from electronic pill cap monitors, Jean does not take her clozapine every day. Today's blood plasma levels confirm this finding. robert 6 robert is a 44-year-old male with a 17-year history of schizophrenia who has had multiple psychiatric admissions usually in the context of non-adherence. Admissions have been characterized by gradually increasing isolation, preoccupations, and insomnia. These symptoms escalate eventually to agitation, intense paranoid ideation with at times yelling at strangers and total neglect of his ADls. robert has been living in a group home with 8 other residents where he is responsible for taking his own medication. he usually does attend his monthly outpatient visits and also attends a club house. his medications were lurasidone (latuda) (80 mg/d) and metformin [1,000 mg/d]. Over the past few weeks robert has become increasingly unpredictable, responding to internal stimuli with bursts of uncontrollable laughing and swearing. he also believes the other group home members are out to get him. his psychiatrist called 911 to have robert admitted to the inpatient services. After a 6 day intensive inpatient stay robert re-stabilized on lurasidone (latuda) (120 mg/d) and was discharged back to the group home. Two weeks after discharge, his psychiatrist reviewed Robert's electronic cap monitor data and blood plasma levels and found that Robert had only taken half of the pills he was supposed to take and had low plasma levels. Kay 4 Kay is a 34-year-old female with an 8-year history of schizo-affective disorder, with multiple depressive episodes that led to drug overdoses and three suicide attempts. she has received four courses of electroconvulsive therapy, the first of which she had at age 28, and has been prescribed multiple psychotropic medications, including antipsychotics and antidepressants at various time points. her medications have included paroxetine, risperidone, lurasidone, and aripiprazole. she had been living with her grandmother until recently. After her grandmother's death, she moved into a group home for patients with psychiatric illnesses. While she smokes two packs of cigarettes daily, she reports no alcohol consumption or use of illicit drugs. she is currently receiving a combined regimen of clozapine (clozaril) Aaron is a 40-year-old male with a 16-year history of schizophrenia and was admitted to the hospital three weeks ago for observation by an er physician who had expressed concern about Aaron's behavior. Aaron has been living in a group home with 8 other residents and was responsible for taking his own medication. he has had intermittent employment in lawn care around the city and seemed content with the work. Over the past few weeks Aaron had become increasingly unpredictable, responding to internal stimuli as well as cursing, tickling himself and laughing uncontrollably. A recent manic episode resulted in the visit to the er. Aaron also believed that the other group home members were out to get him and that others questioned his sexual orientation. Adam is a 31-year-old male diagnosed with schizophrenia 7 years ago. During college, Adam began to hear voices that told him he was no good. employed at a local supermarket, Adam began to believe that his boss was planting small video cameras to catch him making mistakes. Adam became increasingly agitated at work, particularly during busy times, and began "talking strangely" to customers. he lost his job at the local supermarket, and relationships with family members broke down as he feared that they would betray him to spies. he became increasingly confused and agitated. his parents took him to the hospital where he was admitted and administered haloperidol (haldol) (5 mg, injected) by his psychiatrist. The medication caused painful twisting and contractions of his muscles. he was switched to olanzapine (Zyprexa) (10 mg/d) and has had fewer side effects. Based on data from electronic pill cap monitors, Adam seldom misses a dose of his olanzapine, and his blood plasma levels are as expected for his dose. Margaret 8 Margaret is a 60-year-old female with a 27-year history of undifferentiated schizophrenia and has received multiple therapies over that time. in the most recent episode, last month, in which she was hospitalized, she presented with auditory hallucinations, disorganized speech, inappropriate affect with an occasionally euphoric mood, and grossly disorganized behavior and excitability. impaired glucose tolerance due to adiposity and metabolic syndrome (weight 226 lbs., 5′1, BMi: 42.7) was observed and was treated with metformin (500 mg/d 
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